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0 Induction of CTL responses. 



0 Pharmaceutical formulations for use as im- 
munotherapeutic or prophylactic vaccines comprise 
a proteinaceous particulate antigen made up of a 
^ plurality of self-assembling protein molecules. To 
^ enhance the cytotoxic T-lymphocyte (CTL) response. 
^ the formulations are adjuvant free. As adjuvant is 
0> desirable for enhancing the antibody response, a 
^ subject may be administered with two formulations, 
1^ one with and one without adjuvant. 
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This invention relates to the induction of spe- 
cific cytotoxic T cell responses in a host by im- 
munisation and to pharmaceutical formulations for 
use In such induction. 

Following viral infection, a mammalian host 
mounts both antibody and cytotoxic T cell (CTL) 
responses, and the subsequent protection against 
viruses from the same group is long-lived. How- 
ever, although local or systemic antibodies acting 
alone can neutralise infectivity and block the 
spread of free cytolytic viruses released from host 
cells, they are Incapable of controlling Infection 
once the virus has penetrated and infected host 
cells. Although antibody dependent cell-mediated 
cytotoxicity (ADCC) or antibody-dependent 
complement-mediated lysis may be mechanisms 
whereby infected cells expressing viral antigens 
can be destroyed, the CTL response is thought to 
be a major mechanism for specifically killing virus- 
Infected cells. The induction of cytotoxic T-cells 
which can kill such virus-infected cells Is therefore 
an important aspect of the immune response. 

CTLs recognise antigenic peptides expressed 
on MHC class 1 molecules of infected cells via T- 
cell receptors. They also express CDS, which 
stabilises the interaction between T-cell receptor 
and class 1 MHC molecules plus peptide. This 
cognate interaction leads to the killing of the in- 
fected cell via lytic mechanisms. Since viral surface 
antigens can be expressed early In the viral cycle, 
death of the infected cell therefore generally pre- 
cedes viral replication. HIV-positive individuals who 
have a strong CDS + ve T-lymphocyte activity 
against HIV-infected cells show increased long- 
term survival (Hessol et al.. Am. J. Epidemiol. 30 
1167 (1989). An effective, long-lasting CTL re- 
sponse is therefore important both as a prophylac- 
tic and as an Immunotherapeutic vaccine and a 
requirement of any strategy for anti-viral vaccine 
development. In particular a CTL response is likely 
to be an essential component of any therapeutic 
vaccine such as In HIV, HSV and HPV. 

There is also evidence that CTLs can kill tum- 
our cells both /n vivo (de Plaen et a/., Proc. Natl. 
Acad. ScL USA 1988 85 2274-2278) and in vitro - 
(Itoh ef a/., Cancer Res. 1986 46 3011-3017), and 
induction of CTL against tumour-associated anti- 
gens may therefore have a role in cancer therapy. 

CTL responses have also been detected 
against synthetic peptides derived from the circum- 
sporozoite protein of Plasmodium falciparum (WO- 
A-9000402; US Department of Health) and peptides 
from bacteria such as Gonococcus, Bordetella 
pertussis (EP-A-0431237; Hoechst AG). Listeria or 
Leishmania, 

Particulate antigen carrier systems have been 
developed based on the ability of the yeast 
retroelement Ty and the retroviral gag protein to 



self-assemble to form virus-like particles (VLPs) 
and virus-derived particles (VDPs): see WO-A- 
8803562 and WO-A-8803563. Such carrier systems 
comprise a self-assembling moiety fused to a sec- 

5 ond antigenic amino acid sequence, such as viral 
epitopes. One antigenic viral protein which has 
received much attention as a potential vaccine Is 
the envelope glycoprotein of HIV-1, gpl20. Anti- 
bodies raised against a region of this protein known 

10 as the V3 loop can neutralise viral Infectivity. This 
region contains approximately 40 amino acids with 
considerable sequence variation between HIV iso- 
lates, although approximately 60% of isolates have 
a consensus sequence GPGRAF. Ty:VLPs incor- 

75 porating the V3 region of the HIV gp120 are pow- 
erful immunogens, eliciting both humoral 
(antibody) and T-cell responses. For example, im- 
munisation of rabbits with Ty VLPs carrying the V3 
region from isolate NIB (V3:Ty-VLPs) in either 

20 Freund's adjuvant or AH resulted in good antibody 
and neutralisation titres (Griffiths ef a/, J. Virology 
65 450-456 1991). 

Hybrid NIB V3:Ty-VLPs particles also cause 
priming of V3-specific T cells when presented ei- 

25 ther in alum adjuvant or in saline (Harris et al., 
Immunol, in press (1992)). These specific T cells 
recognise both recombinant gp120 and V3 loop 
synthetic peptides of the HlV-1 IIIB isolate. Lymph 
node cells from C57BL/6 mice primed with IIIB 

30 V3:Ty-VLPs respond strongly to in vitro stimulation 
with synthetic peptides representing both IIIB (40 
residues) and I^N (39 residues) V3 loop se- 
quences. 

Hybrid VLPs derived from Ty and also hybrid 

35 VDPs derived from gag are therefore potentially 
useful as vaccines. They would be even more 
useful if presentation of the viral epitopes in this 
particulate system also resulted in a specific CTL 
response. Most methods of inducing CTL to date 

40 are based on Immunisation of animals with short 
peptides using strong adjuvants. 

CTL responses to HIV-derived proteins are of 
particular interest due to the urgency of developing 
a vaccine against this virus. CTL specific for HIV-1 

45 gpl60 (the precursor of gp120) can be primed in 
vivo In BALB/c mice using a hybrid synthetic pep- 
tide comprising the T1 gp120 T-cell epitope (Cease 
et al., Proc. Natl. Acad. Sci. USA 84 4249 (1987)) 
and the V3 loop B cell epitope (Palker et al., Proc. 

50 Natl. Acad. Sci. USA 85 1932 (1988)) using a 
FCA/FIA adjuvant combination (Hart et al, Proc. 
Natl. Acad Sci. USA 88 9448 (1991). Specific CTL 
have also been induced by peptide fragments from 
gp160 (WO-A-91 04045; University of Texas and 

55 WO-A-8907112; US Dept. Health). Peptides carry- 
ing the conserved pitope of HIV-1 reverse tran- 
scriptase also induce CTL when administered in 
adjuvant (WO-A-91 13910; US Natl. Cancer Inst). 
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CTL responses can also be raised against peptide 
fragments derived frona HIV core proteins p24 and 
p17 presented in adjuvant (WO-A-91 09869 and 
WO-A-9101996; Medical Research Council). 

Influenza virus-specific CTL against 
nucleoprotein peptides have been induced follow- 
ing immunisation of BALB/c mice with lipopeptide 
conjugates (Deres et al., Nature 342 561 (1989)) 
and by synthetic peptides in Freunds complete 
adjuvant (FCA) (Gao ef a/., J. Immunol. 147 3268 
(1991)). Induction of a CTL response by peptides 
carrying the immunogenic determinant of haemag- 
glutinin in FCA is also disclosed in EP-A-0366238 
(SmtthKline Beecham). 

Lymphocytic choriomeningitis virus (LCMV)- 
specific CTL have been induced in BALB/c mice 
using a free synthetic peptide, representing a 
nucleoprotein T cell epitope, in Freunds Incomplete 
Adjuvant (FIA) (Atchele et al., J. Exp. Med. 171 
1815 (1991)). The degree of protection against 
LCMV infection correlated with the ability to mount 
an LCMV-specific CTL response in immunised 
mice (Schuiz ef al., Proc. Natl. Acad. Sci. USA 88 
991 (1991)). The induction of LCMV nucleoprotein 
specific CTL by free synthetic peptide In either 
FCA or FIA has also been shown to require 
CD4 + ve T-cell help (Fayolle et al., J. Immunol. 
147 4069 (1991)). 

Protection against Sendai virus infection in B6 
mice has been achieved following immunisation 
with a Sendai virus nucleoprotein peptide in FIA 
(Kast et a/,. Proc, Natl. Acad. Sci. USA 88 2283 

(1991) ). This nucleoprotein peptide induced high 
levels of Sendai virus-specific CTL, and such Sen- 
dai virus-specific CTL clones can protect lethally- 
infected mice (Kast ef a/., J. Exp. Med. 164 723 
(1986)). The Sendai nucleoprotein peptide also in- 
duced a low level CTL response in the absence of 
adjuvant when injected subcutaneously but not in- 
travenously. 

The epithelial tumour antigen present in breast 
cancer (Hareuveni ef a/., Proc Natl. Acad. Sci. 
USA 1990 87 9484-9502) and the melanoma-asso- 
ciated glycoprotein p97 (Estin ef al., Proc Natl. 
Acad. Sci. USA 1988 85 1052-1056) have been 
expressed in vaccinia. Immunisation of mice and 
monkeys with these constructs elicited protective 
humoral and cellular immune responses. 

Although CTL responses have been demon- 
strated against a number of small peptide frag- 
ments, they are less readily induced by immunisa- 
tion with exogenous whole proteins, unless the 
antigen is presented in a cell-associated or deg- 
raded form. Solubl proteins presented intrave- 
nously in liposomes can induce CD8 + ve CTL re- 
sponses (Reddy ef a/., J. Immunol. 148 1585 

(1992) ). Recombinant gp160 pr sented in im- 
munostimulating complexes (ISCOMs), although 



not in FCA, FIA or buffered saline, can induce HIV- 
1 envelope-specific CTL activity in BALB/c mice 
(Takahashi ef a/., Nature 344 873 (1990)). A spe- 
cific CTL response to the V3 region of HIV en- 

5 vetope gpl60 can also be induced by live recom- 
binant vaccinia viruses expressing the V3 region of 
the NIB, MN and RF isolates of HIV. The specificity 
is comparable to that induced by recombinant 
gp160 in ISCOMs. Cytotoxic T-celi responses have 

10 also been obtained from VSV antigens incorporated 
into vaccinia (US-A-4738846). 

WO-A-9011085 (Molecular Biology Institute) re- 
ports induction of a CTL response in mice following 
immunisation with Sum beads coated with isolated 

75 plasma membranes from tumour cells. The sheer 
size of the beads is likely to pose considerable 
difficulties in developing a human therapeutic or 
prophylactic agent based on such technology. 
There are therefore major problems associated 

20 with all current methods of eliciting a CTL re- 
sponse. Firstly, although CTL responses may be 
induced by immunisation with certain small peptide 
fragments, small peptides may elicit poor antibody 
responses. Furthermore, in an outbred population, 

25 individuals of different MHC Class I and Class II 
haplotypes will respond to different peptide epi- 
topes; many peptides may be required to prime all 
the possible haplotypes. However, it is by no 
means certain that immunisation with a large par- 

30 ticulate antigen will produce any CTL response, 
since most of the available evidence indicates that 
immunisation with whole proteins does not give rise 
to a CTL response. Secondly, those CTL re- 
sponses to large immunogens which have been 

35 induced require the presence of powerful adjuvants 
or live vectors which are not licensed for use in 
humans. For example, recombinant HIV gpl60 pre- 
sented in ISCOMs, but not in FCA, FIA or buffered 
saline, induced HIV-1 envelope-specific CTL activ- 

40 ity in BALB/c mice. It is generally felt that approval 
for the use of ISCOMs In humans is unlikely to be 
forthcoming. Recombinant vaccinia viruses ex- 
pressing the V3 region also induce specific CTL 
responses to the V3 region of HIV envelope gp160, 

45 but immunisation with vaccinia has raised concerns 
both about safety for use in immunosuppressed 
patients, and about efficacy. 

There is therefore a requirement for a safe, 
effective way to elicit a CTL response in response 

50 to immunisation in mammals, in order to increase 
vaccine efficacy, both for prophylactic and im- 
munotherapeutic purposes. 

In principle, it may be thought that there are 
two ways in which the CTL response may be 

55 improved. First, different adjuvants from those 
commonly used could be sought for an improved 
effect: certain combinations of adjuvants may be 
particularly efficacious in certain circumstances; 



3 



5 



EP 0 565 794 A1 



6 



and a number of companies are currently exploring 
new adjuvants, such as muramyl tripeptide. Sec- 
ondly, and this is the area to which those working 
in the art have in practice turned in their search for 
enhanced CTL responses, the nature of the antigen 
itself can be improved. 

The present invention follows neither of these 
avenues. It is based on the discovery and real- 
isation that the presence of adjuvant may paradox- 
ically suppress the CTL response, even though its 
presence may be appropriate or desirable for elicit- 
ing a humoral response. 

According to a first aspect of the invention, 
there is provided a sterile, adjuvant-free pharma- 
ceutical formulation comprising a proteinaceous 
particulate antigen. 

Such a formulation differs from those specifi- 
cally disclosed in WO-A-8803562, WO-A-8803563 
and EP-A-01 75261 as those publications do not 
specifically exemplify sterile adjuvant-free vaccine 
preparations. While it is true that they discuss the 
addition of adjuvants to vaccine formulations as an 
optional feature, those skilled in the art would inevi- 
tably have been induced to add an adjuvant (such 
as aluminium hydroxide, which is licensed for hu- 
man use) as such a step would, prior to this 
invention, have been regarded as conventional. All 
presently licensed subunit vaccines (such as Hepa- 
titis B) and killed vaccines (such as influenza) are 
supplied in the presence of aluminium hydroxide 
as an adjuvant. 

The particulate antigen may comprise a plural- 
ity of self-assembling protein molecules. (The term 
"protein" includes glycoprotein, lipoprotein and 
other post-translationally or otherwise modified pro- 
teins, if the context so permits, and the term 
"proteinaceous" shall be construed accordingly.) 
The self-assembling protein molecules may be the 
same as or different from each other; particulate 
antigens which are composed of a heterologous 
collection of protein molecules as well as those 
which are composed of a homologous population 
of protein molecules can be used in the invention. 

The self-assembling protein molecules of which 
the particulate antigen is formed may each com- 
prise a first amino acid sequence which has the 
property of self-assembly fused to a second amino 
acid sequence which has the desired antigenic 
specificity or one of the desired antigenic specific- 
ities. The self-assembling protein molecules and 
particulate antigens useful in the present invention 
may be those specifically and generally disclosed 
in WO-A-8803562 and WO-A-8803563, the con- 
t nts of both of which are herein incorporated by 
r ference to the extent that th law allows. The 
specific examples of WO-A-8803562 and WO-A- 
8803563 relate to particulate antigens in which the 
self-assembling moiety is derived from a yeast 



retrotransposon-encoded (such as a yeast Ty) ele- 
ment; such particulate antigens are refenred to as 
virus-like particles, or VDPs. Both WO-A-8803562 
and WO-A-8803563 also disclose particulate anti- 

5 gens whose self-assembling moieties are encoded 
by viruses (particularly by retroviral gag genes); 
such particulate antigens are referred to as virus- 
derived particles, or VDPs. The particulate antigens 
will generally be less than 1um in diameter; sizes 

10 of less than 100nm, such as in the order of 10- 
20nm, are typical. 

The second amino acid sequence will generally 
include a sequence which functions as an epitope 
capable of inducing a cytotoxic T-lymphocyte 

75 (CTL) response in a suitable host. Such a se- 
quence can conveniently be referred to as a CTL 
epitope. The CTL epitope may be part of or addi- 
tional to the antigen sequence. Examples of recog- 
nised human CTL epitopes include T1, T2 and V3 

20 loop epitopes of HIV-1 gp120 and the Th4.1 epi- 
tope of HIV-1 gp41. 

Particularly preferred embodiments of the in- 
vention also include, within the second amino acid 
sequence a CD4 T-cell epitope, whose function is 

25 to stimulate the production of CD4 T-cells (also 
known as T-helper cells). 

Specifically, particles for raising a CTL re- 
sponse may comprise a self-assembling sequence 
derived from the yeast retroelement Ty or the gag 

30 protein of a retrovirus, such as HIV-1, HIV-2. HTLV- 
I. HTLV-II, HTLV-llt, SIV. BIV. ELAV. CIAV. murine 
leukaemia virus, Moloney murine leukaemia virus, 
and feline leukaemia virus. As an alternative, self 
assembling proteins may be derived from other, 

35 particularly viral, sources: the surface antigen of 
hepatitis B is an example and is the subject of EP- 
A-01 75261. Other examples include Hepatitis B 
core antigen, bluetongue virus, human papilloma 
virus and herpes simplex virus I and II and HSV-6. 

40 The antigenic sequence may correspond to a se- 
quence derived from or associated with an 
aetiological agent or a tumour. The aetiological 
agent may be a microorganism such as a virus, 
bacterium, fungus or parasite. The virus may be: a 

45 retrovirus, such as HIV-1, HIV-2, HTLV-I, HTLV-II, 
HTLV-III, SIV, BIV. ELAV, CIAV, murine leukaemia 
virus, Moloney murine leukaemia virus, and feline 
leukaemia virus; an orthomyxovirus, such as in- 
fluenza A or B; a paramyxovirus, such as parain- 

50 fluenza virus, mumps, measles, RSV and Sendai 
virus; a papovavirus, such as HPV; an arenavirus, 
such as LCMV of humans or mice; a hepadnavirus, 
such as Hepatitis B virus; a herpes virus, such as 
HSV, VZV. CMV. or EBV. The tumour-associated 

55 or derived antigen may for example be a prot- 
einaceous human tumour antigen, such as a 
melanoma-associated antigen, or an epithelial-tum- 
our associated antigen such as from breast or 
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colon carcinoma. 

The antigenic sequence may be derived from a 
parasite, such as Plasmodium falciparum, or a 
bacterium, such as of genus Neisseria, Borde telle, 
Listeria, Mycobacteria or Leishmania, 

Preferred seif-assembling sequences are de- 
rived from the yeast retroelement Ty or the gag 
protein of a retrovirus, particularly HIV-1. 

Particularly preferred second amino acid se- 
quences are antigenic sequences corresponding to 
a viral or tumour antigen CTL epitopes from a 
retrovirus, a paramyxovirus, an arenavirus or a 
hepadna virus, or a human tumour cell. Examples 
include epitopes from: 

1) HIV (particularly HIV-1) gp120. 

2) HIV (particularly HIV-1) p24, 

3) Influenza virus nucleoprotein, 

4) LCMV nucleoprotein, 

5) HPV L1 and L2 proteins, 

6) p97 melanoma associated antigen, 

7) GA 733-2 epithelial tumour-associated anti- 
gen, 

8) MUC-1 repeat sequence from epithelial 
tumour-associated antigen, 

9) mycobacterium p6. 

10) malaria CSP or RESA antigens, and 

11) human papilloma virus E5 and E7. 

Other components, particularly lipid, which 
contribute to antigenicity may be present. Viral- 
derived particles will generally be free of infectious 
nucleic acid. 

The invention can be useful in eliciting a CTL 
response to a number of different antigens, such as 
those of variants of the viral epitope region, by 
immunisation with formulations of the invention 
consisting of a plurality of different fusion proteins. 
Preferred are particles where the self-assembling 
moiety of Ty or HIV-1 gag is fused to a series of 
HIV V3 regions. 

A sequence which is said to have the function 
of or be derived from a natural sequence may be. 
and preferably in some cases is, identical to a 
natural sequence. However, it will be appreciated 
that sequences which are not identical to natural 
sequences may work perfectly adequately and may 
even in some cases be better; for this reason their 
use is not ruled out. The invention therefore en- 
compasses sequences which have qualitatively the 
same (relevant) function as a natural sequence but 
which have different amino acid or nucleotide base 
compositions. There will usually be substantial ho- 
mology between natural sequences and other se- 
quences having qualitatively the sam function; this 
homology may be at least 50%. 60%. 70% or 
80%, or ven at least 90%, 95% or 99%, In in- 
creasing order of preference. 

Alternatively or In addition, nucleotide se- 
quences useful in the invention may hybridise to a 



natural sequence whose function Is sought, or 
would do so but for the degeneracy of the genetic 
code. Hybridisation may be under stringent con- 
ditions (see Maniatis ef a/., "Molecular Cloning: A 

5 Laboratory Manual". Cold Spring Harbor Laboratory 
(1982), pp 387-389), An example of stringent 
hybridisation conditions is hybridisation at 4xSSC 
at 65 -C. followed by washing in O.lxSSC at 65'C 
for one hour. An alternative exemplary hybridisation 

10 condition is 50% formamide, 4xSSC at 42 • C. 

If hybridisation is not under stringent condi- 
tions, it may be under relaxed conditions. Exam- 
ples of such non-stringent hybridisation conditions 
are 4xSSC at 50 'C or hybridisation with 30-40% 

75 formamide at 42 * C, 

Formulations of the invention are useful as 
prophylactic or. particularly, immunotherapeutic 
vaccines. A vaccine may comprise the particulate 
antigen in a physiologically acceptable non-toxic 

20 carrier. Sterility will generally be essential for par- 
enteraliy administrable vaccines. Preferred phys- 
iologically acceptable non-toxic carriers are sterile 
physiological saline or sterile PBS. 

Vaccines in accordance with the invention may 

25 present more than one antigen. Either a cocktail of 
different antigens may be used, or a homogenous 
population of particulate antigens having more than 
one epitope could be used, as described above. It 
may In practice be simpler for a vaccine to contain 

30 a mixture of different particulate antigens. 

Formulations in accordance with the first as- 
pect of the invention are sterile. Sterility may be 
achieved by any convenient way. Filter sterilisation, 
for example through a 0.22u.m filter, is particularly 

35 suitable. 

According to a second aspect of the invention, 
there is provided the use of a proteinaceous par- 
ticulate antigen in the preparation of an adjuvant- 
free pharmaceutical immunotherapeutic or prophy- 

40 lactic vaccine formulation for Inducing a cytotoxic T 
cell response. 

It will be appreciated that the invention will be 
useful in a method of inducing a cytotoxic T cell 
response, the method comprising administering to 

45 a subject an adjuvant-free formulation comprising a 
proteinaceous particulate antigen. The dosage regi- 
men will be under the guidance of the physician or 
clinician and will generally be such as to be effec- 
tive but non-toxic. The formulation may be admin- 

50 istered either as a single dose or as a number of 
doses. Repeat dosage regimens may be admin- 
istered over a period of days, weeks, months or 
years. However, for CTL responses, a single dose 
is preferred. 

55 The invention finds particular application in 

stimulating a full humoral (antibody) and cell-me- 
diated (CTL and preferably T-helper cell) immune 
response to a non-Infectious antigen. This can be 
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achieved by a combination strategy comprising ad- 
ministering non-adjuvanted immunogen (in the form 
of a non-adjuvanted formulation, for example in 
accordance with the first aspect of the invention), to 
prime CDS CTL. CD4 T cell and B cell responses, 
and also administering adjuvanted immunogen to 
boost the CD4 + ve T cell and B cell compartment. 
Examples of suitable adjuvants include muramy! 
peptide compounds such as prototype muramyl 
dipeptide, aluminium hydroxide, saponin and lipo- 
somes. 

According to a third aspect of the invention, 
therefore, there is provided an immunotherapeutic 
or prophylactic vaccination kit comprising a first, 
non-adjuvanted, proteinaceous particulate antigen 
formulation and a second adjuvanted proteinaceous 
particulate antigen formulation. The first and sec- 
ond formulations will generally be sterile. 

According to a fourth aspect of the invention, 
there Is provided a product comprising first and 
second formulations as described above for com- 
bined, simultaneous or sequential administration in 
the treatment or prophylaxis of disease amenable 
to immunotherapy or prophylaxis, particularly viral 
or other microbial infection or cancer. 

The invention Is useful in a method of im- 
munotherapy or prophylaxis, the method compris- 
ing administering to a subject an effective amount 
of an adjuvant-free formulation In accordance with 
the first aspect of the invention (to stimulate a CTL 
response) and an adjuvanted formulation (to stimu- 
late a humoral response). Again, the dosage regi- 
men will be under the guidance of the physician or 
clinician and will generally be such as to be effec- 
tive but non-toxic. 

Preferred features of each aspect of the inven- 
tion are as for the first aspect, mutatis mutandis. 

The following examples illustrate the Invention, 
but are not Intended to limit the scope in any way. 
The examples refer to the accompanying drawings, 
In which: 

FIGURES 1A. IB and IC show in vivo CTL 
priming by hybrid V3:Ty-VLPs (Figure 1A re- 
lates to Example 1 and Figures 1B and IC 
relate to Example 2); 

FIGURES 2A and 2B show rapid induction of 
potent V3-speciflc CTL responses by hybrid 
V3:Ty-VLPs (Figure 2A relates to Example 3 and 
Figure 2B to Example 4); 
FIGURE 3 relates to Example 5 and shows MN 
V3-speciflc CTL responses following immunisa- 
tion with MN V3:Ty-VLPs; 
FIGURE 4 relates to Example 6 and shows that 
hybrid V3:Ty-VLPs are superior to V3 peptide 
and gp120 in Inducing V3-specific CTL r - 
sponses; and 

FIGURE 5 relates to Example 7 and shows V3- 
specific CTL responses following immunisation 



of BALB/c mice with GAG-V3 particles with ei- 
ther Freund's complete adjuvant or aluminium 
hydroxide adjuvant or. alternatively, without ad- 
juvant. 

5 

EXAMPLE 1 

in vivo CTL priming by hybrid V3:Ty-VLPs without 
adjuvant 

10 

The Immunogenicity of hybrid V3:Ty-VLPs was 
examined. Hybrid V3:Ty VLPs were produced es- 
sentially according to the method of Example 3 of 
WO-A-8803562. Synthetic encoding gp160 amino 

75 acids 295-334 (Los Alamos database. IIIB HXB2 V3 
loop) in the BamH\ site of plasmid pOGS40 which 
contains a truncated TYA gene encoding amino 
acids 1-381 of protein p1. (pOGS40 is a derivative 
of pMA5620 which is described in WO-A-8803562: 

20 The PGK promoter of pMA5620 was replaced by a 
hybrid promoter comprising the 5' non-coding re- 
gion of the PGK gene and the upstream activation 
sequence of the GAL110 promoter (EP-A- 
0258067)). The resulting plasmids were trans- 

25 formed into yeast cells as described in WO-A- 
8803562 and the V3:Ty fusion proteins expressed 
at high levels. The self-assembling V3:Ty-VLPs 
were purified on a sucrose density gradient fol- 
lowed by size exclusion chromatography. 

30 BALB/c mice (H-2**) were immunised s.c. with 

IIIB V3:Ty-VLPs either in FCA. alum or in saline; 
the vaccines without adjuvant were filter sterilisable 
through a 0,22um filter prior to administration. Fol- 
lowing a repeat dose on day 46, splenocytes were 

35 removed and restimulated in vitro with 40mer IIIB 
V3 loop peptide and 2% Rat ConA supernatant 
(RCAS) for seven days prior to testing against 
5 ^chromium-labelled P815 target cells (H-2^) in- 
cubated with the 40mer IIIB V3 peptide (p815 cells 

40 express no MHC class II and will therefore only 
present the peptide in conjunction with MHC class 
1. CTL will recognise certain peptide sequences, 
but only In conjunction with MHC class I). High 
levels of IIIB V3-specific CTL were induced by IIIB 

45 V3:Ty-VLPs when injected without adjuvant (Figure 
1A). Low levels of CTL activity were detected at the 
highest E:T ratio (100:1) in effector cells from mice 
Immunised with IIIB V3:Ty-VLPs In FCA. No signifi- 
cant CTL priming was induced using alum ad- 

50 juvant. There was no (<5.0%) killing of control 
P815 cells in the absence of peptide sensitisation 
at any E:T ratio In the three groups of effector 
cells. 

R f rring in mor detail to Figure 1A. BALB/c 
55 mic w r Immunis d s.c. with 200ug of IIIB 
V3:Ty-VLPs ither in alum (•). FCA (0) or with no 
adjuvant (■) on days 0 and 46. On day 70, spleens 
wer remov d from two mice per group and single 
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cell suspensions prepared and pooled. The pooled 
spleen cells were restimulated in vitro for 7 days 
in RPMI1640 culture medium (lOml) containing 
10% foetal calf serum (TCM-FCS) and 5ug/ml of 
40 mer IIIB V3 peptide (CRB Ltd). After 24 hours, 
ammonium sulphate-concentrated supernatant from 
ConA-stimulated rat spleen cells (29) was added 
(2% final volume) as a source of IL-2 and other 
cytokines. After 7 days, the effector (E) ceils were 
then washed once and resuspended in TCM-FCS 
and lOOul aliquots were added to lOOul of target 
(T) cells (1 X 10* /well) at various E:T ratios in 
triplicate or quadruplicate welts of U-bottomed 96 
well mictrotitre plates. Target cells were P815 (H- 
2^) cells (1 X 10^ /ml) incubated overnight at 37*C 
with 20ug/ml of 40 mer IIIB V3 peptide. Peptide- 
pulsed and control P815 cells were labelled with 
5'Cr (1 hour at 37 'C, 20uCi/10^ cells) then washed 
before adding to the effectors. After 4-5 hours, 
lOOul of supernatant was removed from each well 
for counting. The % specific lysis was calculated 
as 100 X [(test counts - spontaneous counts)/- 
(maximum counts - spontaneous counts)]. Maxi- 
mum release was generated by adding lOOul of 
5% Triton-X 100 to lOOul of target cells. The 
background specific lysis of control target cells in 
the presence of V3:Ty-VLP primed effector cells 
did not exceed 5% at any E:T ratio. Spontaneous 
release from target cells were 11% (P815 cells + 
peptide) and 10.1% (P815 cells, no peptide). Error 
bars shown standard error from the mean. 

EXAMPLE 2 

Specificity of CTL induced by hybrid V3:Ty-VLPs 

Spleen cells from mice immunised with IIIB 
V3:Ty-VLPs without adjuvant, as described in Ex- 
ample 1 above, were restimulated in vitro with the 
40mer IIIB V3 peptide and the effector cells gen- 
erated were tested against P815 target cells in- 
cubated with either the 40mer IIIB V3 loop peptide 
or a 15 mer IIIB V3 peptide representing the cen- 
tral portion of the V3 loop (Table 1). P815 cells 
were recognised as target cells by the V3-specific 
CTL when preincubated with the 40mer V3 loop 
peptide or the V3 loop tip peptide (Figure IB). The 
effector cells primed by IIIB V3: Ty-VLPs were 
Isolate-specific and did not recognise P815 cells 
incubated with peptides representing the V3 loop 
sequences of MN or RF Isolates (specific lysis 
<5% at 100:1 E:T ratio). There was no specific 
killing if P815 (H-2**) cells were replaced by EL-4 
(H-2^) target cells (data not shown). When the E:T 
ratio was h Id constant and th long and short IIIB 
V3 peptides titrated, ther was a 2-log difference in 
the concentration required to give 50% lysis 
(Figure 1C). These data indicate that the sp clflcity 



of the CTL induced by IIIB V3:Ty-VLPs is similar to 
those induced by recombinant vaccinia expressing 
gp 160 and recombinant gp 160 In ISCOMs 
(24.17). The results also indicate that the 15 mer 

5 V3 peptide can be presented by MHC class I 
molecules on the P815 cells far more efficiently 
than the 40mer V3 peptide. It is likely that the 
larger peptide may require internalisation and pro- 
cessing by P815 cells or extracellular degradation 

70 prior to being presented at an optimal length with 
class I molecules. Exogenous soluble protein anti- 
gens are known not to be processed by P815 cells 
for CTL recognition (Carbone and Bevan, J. Exp. 
Med, 171 377 (1990)) however little is documented 

75 on the processing of small polypeptides. 

Referring in more detail to Figure IB, pooled 
spleen cells from two mice immunised as in rela- 
tion to Figure 1A (Example 1) above were prepared 
on day 62 and restimulated for 9 days in vitro as 

20 above with 40 mer IliB V3 peptide. Effector cells 
were assayed for CTL activity against P815 cells 
pre-incubated as above with 20ug/ml of 40 mer IIIB 
V3 peptide (0). 15 mer IIIB V3 loop tip peptide 734 
(■) or no peptide (□). Spontaneous release values 

25 were 15.9% (P815 cells + 40 mer V3 peptide), 
13.6% (P815 cells + 15 mer V3 loop tip peptide) 
and 16.3% (P815 cells, no peptide). 

Referring in more detail to Figure 1C, CTL 
assay using effector cells described in relation to 

30 Figure 1A (Example 1) and P815 target cells with 
either the 40 mer IIIB V3 loop or 15 mer IIIB V3 
loop tip peptides added directly to the assay at 
various concentrations. The E:T ratio was 50:1. 
Spontaneous release from P815 cells was 11.9%. 

35 

EXAMPLE 3 

Potency of V3:Ty-VLPs in Inducing CD8 + ve, H-2^- 
restrlcted V3-specific CTL responses 

40 

The dose response effect of IIIB V3:Ty-VLPs 
injected once i.m. into BALB/c mice without ad- 
juvant was examined. Spleens were removed at a 
much earlier time point (day 18) than in the pre- 

45 vious experiments. Substantial CTL priming was 
induced at all four doses given (Figure 2A). A peak 
of CTL activity was observed in effector cells gen- 
erated from mice immunised with a 20ug dose 
(50% lysis at E:T ratio of 10:1). A 5ug dose In- 

50 duced a superior CTL response (50% lysis at 27:1) 
than the lOOug (50% lysis at 87:1) and 50ug (50% 
lysis at 49:1) doses indicating that too much im- 
munogen may have a deleterious effect on CTL 
priming at this tim point by this route. These data 

55 demonstrate that the hybrid V3:Ty-VLPs are potent 
CTL immunogens leading to rapid and substantial 
CTL responses. Wh n anti-CD4 (GK1-5) and anti- 
CD8 (53-6-72) rat monoclonal antibodies (Mabs) 
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were added directly to the CTL assay, selective 
inhibition of CTL activity was observed only in 
cultures treated with the anti-CD8 Mab (29.0 and 
36.7% inhibition at 50:1 and 25:1 E:T ratios, re- 
spectively) demonstrating that the effector cells are 
CD8 + ve. Furthermore, immunisation of 0576176 
(H-2^) mice with 100ug of IIIB V3:Ty-VLP did not 
induce CTL priming (using EL-4 cells as targets, 
data not shown) which indicates that the IIIB V3- 
specific CTL are restricted at the H-2^ loci. 

Refemng in more detail to Figure 2A. BALB/c 
mice were immunised i.m. with 100 (0), 50 (•), 20 
(□) or 5ug (■) of IIIB V3:Ty-VLPs in saline. On day 
18, pooled spienocytes (2 spleens per group) were 
restimulated for 6 days with 40 mer V3 peptide and 
effector cells were tested for lysis of 40 mer V3 
peptide-pulsed or control P815 target cells as de- 
scribed in Fig. 1A. Control target cell lysis was 
<5.0% at all E:T ratios for all doses. Spontaneous 
release was 11.5% (P815 cells + V3 peptide) and 
13.5% (P815 cells, no peptide). Standard error of 
the replicates was <5%. 

EXAMPLE 4 

In vitro processing of IIIB V3:Ty-VLPs 

To confirm that 1MB V3:Ty-VLPs can gain ac- 
cess to the correct antigen processing pathway for 
MHC class I presentation. P815 cells were pulsed 
overnight with either IIIB V3:TyVLPs, 40mer IIIB 
V3 peptide, or non-hybrid control Ty-VLPs. These 
target cells and control P815 cells were then label- 
led with 5iCr and tested against IIIB V3:Ty-VLP- 
induced effector CTL. Both the V3 peptide- and IIIB 
V3:Ty-VLP-puIsed target cells were effectively kil- 
led by the V3-specific CTL (Figure 2B) indicating 
that P815 cells can process particulate im- 
munogens and re-express CTL epitopes on MHC 
class I molecules. These cells have previously 
been shown not to process soluble proteins for 
class I presentation (Carbone and Bevan, J. Exp, 
Mecf. 171 377 (1990)). 

Referring in more detail to Figure 2B. effector 
cells from the lOOug dose group described above 
were tested against P815 cells pulsed overnight 
with either 40 mer V3 peptide (50ug/5 x 10^ cells), 
IIIB V3:Ty-VLPs (100ug/5 x 10^ cells), control 
Ty:VLPs (100ug/5 x 10^ cells) or no antigen. The 
E:T ratio was 60:1. 

EXAMPLE 5 

Specificity of V3-specific CTL induced by MN 
V3:Ty-VLPs 

Previous data have indicated that the MN V3 
loop contains a CTL epitop which is restricted by 



H-2D*^. BALB/c mice were immunised i.m. with 
lOOug hybrid MN V3:Ty-VLPs to investigate if 
these would induce MN V3-specific CTL re- 
sponses. Substantial levels of CTL activity were 

5 detected against P815 cells pulsed with MN but not 
IIIB or RF peptides (Figure 3). There was a slight 
increase in the killing of IIIB V3 peptide-pulsed 
P815 cells above that observed with the RF V3 
peptide and non-pulsed P815 cells and this may 

70 reflect low level cross-reactivity. Therefore, hybrid 
V3:Ty-VLP immunogens appear to be capable of 
priming CTL of similar specificity to those induced 
by live vaccinia-gp 160 and ISCOM-adjuvanted re- 
combinant gp 160 without the requirement for ad- 

75 juvant and at relatively low doses. 

Figure 3 shows MN V3-specific CTL responses 
following immunisation with MN V3;Ty-VLPs. 
BALB/c mice were immunised i.m. with lOOug of 
hybrid VLPs. On day 18, spleens were removed 

20 and pooled spienocytes (2 spleens) were re- 
stimulated for 6 days with MN V3 peptide (5ug/ml). 
Effector cells were assayed against P815 target 
cells pulsed overnight with 20ug/ml of either the 
IIIB (■), MN (□) or RF (•) V3 loop peptides or no 

25 peptide (0). Spontaneous release was 17.6% 
(P815 + IIIB V3 peptide) 18.7% (P815 + MN V3 
peptide) 19.8% (P815 + RF V3 peptide) 177% 
(P815 cells, no peptide). 

30 EXAMPLE 6 

Comparative immunogenicity of V3:Ty-VLPs, re- 
combinant gp 120 and V3 synthetic peptide 

35 To compare the immunogenicity, in terms of 

CTL priming, of hybrid V3:Ty-VLPs with synthetic 
peptide (40mer IIIB V3 loop) and recombinant gp 
120 without adjuvant, BALB/c mice were immunis- 
ed with the three types of V3 loop immunogen at 

40 equivalent V3 loop dose (2ug/mouse) and also with 
a much higher dose of V3 peptide (lOOug dose). 
Effector cells from mice immunised with IIIB V3:Ty- 
VLPs i.m. gave 50% killing at an E:T ratio of 
approximately 4:1, whilst the s.c. route was less 

45 efficient (50% lysis at 10:1). The gp 120-induced 
effector cells were approximately 25-fold less po- 
tent than those induced by IIIB V3:Ty-VLPs and the 
V3 peptide-induced effectors only produced 10.3% 
killing at 100:1 ratio even at lOOug/mouse (Figure 

50 4). 

In vitro re-stimulation of normal spleen cells 
with the V3 peptide did not induce V3-specific CTL 
confirming that the CTL we are detected in this 
system is a result of in vivo priming. Interestingly, 
55 V3-specific CTL in fresh, non-restimulated 
spienocytes from mice immunised with V3:Ty-VLPs 
has so far not been detected. This would indicate 
that in vivo priming leads to the proliferation of 
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CD8 + ve precursor CTL which require additional 
stimuli (differentiation) before they are capable of 
killing appropriate target c lis and further in vivo 
boosting does not appear to provide these stimuli. 

Rgure 4 shows that hybrid V3:Ty-VLPs are 
superior to V3 peptide and gp120 in inducing V3- 
specific CTL responses. BALB/c mice were im- 
munised i.m. with either 40 mer IIIB V3 peptide at 
100 (□) or 2ug (•). recombinant gp120 (affinity- 
purified rgp120, CHO-derived. MRC-ADP) at 23ug 
(O), IIIB V3:Ty-VLPs at 20ug (•). IIIB V3:Ty-VLPs 
20ug injected s.c. (A) or non-immunised mice (a). 
On day 25, pooled splenocytes (2 spleens per 
group) were restimulated for 6 days with lilB V3 
peptide and effector cells assayed as described In 
Fig, 1A. Spontaneous release was 12.3% (P815 + 
V3 peptide) and 12.4% (P815 cells, no peptide). % 
specific lysis values of control P815 target cells at 
each E:T ratio were subtracted from the peptide 
pulsed P81 5 cell lysis values to give net % specific 
lysis. Control P815 target cell lysis at 100:1 E:T 
ratio was 21,1% (rgp 120), 8.8% (V3 peptide, 2ug), 
13.9% (V3 peptide. lOOug) 0% (IIIB V3:Ty-VLP, 
i.m.) 7.7% (IIIB V3:Ty-VLP. s.c.) and 0% (non- 
immune). Standard error of the replicates as <5%. 

EXAMPLE 7 

Specificity of CTL induced by hybrid gag:V3-VDPs 

The preparation of hybrid particles formed by a 
truncated gag moiety fused to a V3 peptide and 
was undertaken as follows: 
HIV-1 gag constructs were derived from plasm id 
pOGS2. pOGS2 contains nucleotides 678-2470 of 
HIV-1 BH10 (Ratner ef a/ 1985 Nature 313, 277) 
Inserted into plasmid pSP64 (Melton ef a/ 1984 
Nucl. Acids Res. 12. 7035) as an Sst\'Bcl\ restric- 
tion fragment. The gag gene is encoded by 
nucleotides 790-2325. In order to provide the gag 
gene on a convenient BamH\ fragment, pOGS2 
was modified using Bat3^ exonuclease and BamHl 
linkers. To modify the 3* end of the gag fragment, 
plasmid pOGS2 was cleaved with Sa/I, digested 
with Bal3^ exonuclease for various times and re- 
ligated in the presence of excess flamHI linkers 
(CCGGATCCGG). The deletion end points of the 
resulting plasmids were determined by DNA 
sequencing. Plasmid pOGS1 1 is a deletion deriva- 
tive in which the BamHl site is at position + 49 with 
respect to the gag termination codon. To modify 
the 5' end of the gag fragment, pOGS2 was cleav- 
ed with £coR1, digested with Bat3^ exonuclease 
for various times and re-ligated in the presence of 
excess BamHl linkers (CCGGATCCGG). Th dele- 
tion endpoints were determined by DNA sequen- 
cing. Plasmid pOGS12 Is a deletion derivative In 
which the BamHl site is at position -22 with respect 



to the gag initiating ATG codon. In order to provide 
a gag gene flanked by BamHl sites, the 3' end of 
the gag gene in pOGS12 was replaced with a 
Bg/ll-Sg/I fragment from pOGSIl containing the 

5 modified sequence. The resulting plasmid was des- 
ignated pOGS15. 

In order to produce a gag gene In which the C- 
terminal 75 residues have been removed, synthetic 
oligomers SEAGAG/08 and SEAGAG/09 were in- 

10 sorted into pOGS554 which had been cleaved with 
Bg/ll. This Insertion results in the generation of a 
stop codon and a BamHl site downstream of the 
Bg/ll site. The resulting plasmid was designated 
pOGS562 and contains a truncated gag gene as a 

75 BamHl cassette. 

A fusion gene containing the truncated HIV-1 
gag gene and a V3 loop sequence was made by 
inserting synthetic oligomers encoding the V3 loop 
sequence from HIV-1 isolate HXB2 (Rsher et at 

20 1986 op cit) at the Bg/ll site in plasmid pOGS562. 
The resulting plasmid was designated pOGS563 
and contains the gag(truncated):V3 loop fusion 
gene as a BamHl cassette. 

The truncated gagA/3 loop cassette was ex- 

25 cised from pOGS563 as a BamHl fragment and 
cloned into the bacutovirus expression vector 
pAcRP23 to generate pOGS574. Plasmid pAcRP23 
contains the powerful polyhedrin promoter from 
Autographa calif ornica nuclear polyhedrosis virus 

30 (AcNPV) and a unique BamHl site for insertion of 
foreign genes flanked by AcNPV sequences. Plas- 
mid pAcRP23 also contains sequences for replica- 
tion and selection of the plasmid in E. coii - 
(Matsuura et at 1987 J. Gen. Virol 68 1233). When 

35 cloned into the BamHl site of this vector, the gag 
gene derivatives come under the control of the 
polyhedrin promoter. 

The cell line designated Spodoptera 
frugiperda 9 (SF9) (Summers and Smith 1987 

40 Texas Agricultural Experiment Station Bulletin 
No. 1555), which is a clonal derivative of the 
lepidopteran line IPLB-Sf21-AE (Vaughn ef a/ 1977 
In vitro 13 213), was used. Cells were grown in 
suspension culture in medium comprising TC100 

45 (GIBCO-BRL. UK) containing 10% heat inactivated 
foetal calf serum (ICN-FLOW Laboratories, UK) 
plus 50lU/ml penicillin and 50mg/ml streptomycin 
(GIBCO-SRL, UK). 

Recombinant baculoviruses were prepared us- 

50 ing the phenomenon of in vivo recombination be- 
tween homologous DNA sequences. The viral 
(AcNPV) DNA and plasmid DNA (pOGS553, 
pOGS556, pOGS572 or pOGS574) were introduced 
into SF9 ins ct cells by the method of calcium 

55 chloride precipitation and progeny were recovered 
after 48 hours (Summ rs and Smith, op cit). Re- 
combinant baculoviruses wer selected on the ba- 
sis of a polyhedrin-negative phenotype in a Brown 



9 



17 



EP 0 565 794 A1 



18 



& Faulkner plaque assay (Brown and Faulkner 1977 
J. Gen. Virol 36 361). After plaque purification, high 
titre viral stocks of the recombinant viruses were 
prepared and their titres determined in plaque as- 
says. 

The cells were harvested at 48 hours post- 
infection and pelleted by centrifugation at 1000g. 
After washing with phosphate buffered saline 
(PBS), the cells were lysed and the particles har- 
vested according to standard procedures. 

CTL responses were measured following Im- 
munisation with GAG:V3 particles. Mice received a 
single intramuscular dose of 20ug either in FCA, 
with an aluminium hydroxide adjuvant or without 
adjuvant. Formulations without adjuvant were filter 
sterilisable through a 0,22um filter prior to admin- 
istration. Splenocytes were removed after 28 days 
and expanded by clonal proliferation in vitro for 6 
days with a 40 mer IIIB V3 peptide corresponding 
to the sequence of the IIIB V3 loop. The effector 
celts Induced in this way were tested for their 
cytotoxic activity against control p815 cells or p815 
cells labelled with IIIB V3 40 mer peptide. 

A high level of specific lysis of IIIB peptide- 
labelled target cells was observed after 6 days 
using effector cells from the mice immunised with- 
out adjuvant, and this titrated out to low E:T ratios 
(Figure 5). A low level of specific lysis was seen 
using effector cells from mice immunised with 
FCA. 

EXAMPLE 8 

Induction of CTL responses by particulate Hepatitis 
B surface antigen 

The hepatitis B surface antigen has previously 
been shown to be capable of assembly into par- 
ticles (EP-A-01 75261). 

This protein contains a number of CTL epi- 
topes (Moriyama et al, (1990), Science 248 361- 
4). CTL responses can therefore be measured fol- 
lowing Immunisation of mice with Hepatitis B sur- 
face antigen particles obtainable from Bionike. CA, 
USA. Mice receive a single sterile intramuscular 
dose in the range of 5-100ug in the absence of 
adjuvant. Splenocytes are removed after 20 days 
and expanded by clonal proliferation in vitro for 7 
to 12 days with hepatitis B surface antigen. The 
effector cells induced In this way are incubated 
with cells of a cognate haplotype which are control 
cells or cells labelled with Hepatitis B surface anti- 
gen, resulting in the lysis of those target cells 
where the MHC class I antig n bears peptides 
corresponding to the CTL epitop . 



EXAMPLE 9 

Induction of CTL responses by particulate Hepatitis 
B core antigen 

5 

A number of CTL epitopes have been de- 
scribed within the hepatitis B core antigen, e.g. 
Ehata et al, (1992). J, Clin. Invest. 89 332-8; 
Guilhot ef a/. (1992), J. Virol. 66 2670-8; Pena ef 

10 al, (1991), J. Exp. Med. 174 1565-70. Mice receive 
a single sterile intramuscular dose in the range of 
5-100ug Hepatitis B core antigen particles in the 
absence of adjuvant. Splenocytes are removed 
after 20 days and expanded by clonal proliferation 

J5 in vitro for 7 to 12 days with hepatitis B core 
antigen. The effector cells induced in this way are 
Incubated with cells of a cognate haplotype which 
are control cells or cells labelled with hepatitis B 
core antigen, resulting in the lysis of those target 

20 cells where the MHC class I antigen bears peptides 
corresponding to the CTL epitope. 

EXAMPLE 10 

25 Induction of CTL responses by hybrid Hepatitis B 
surface antigen particlii 

The hepatitis B surface antigen has previously 
been shown to be capable of assembly into hybrid 

30 particles which contain a particle-forming sequence 
from the hepatitis B surface antigen and a second 
biologically active sequence (EP-A-01 75261). Such 
second heterologous sequences may contain a 
CTL epitope. Hybrid particles comprising the par- 

35 tide forming sequence from the hepatitis B surface 
antigen and the V3 loop sequence of the tllB vari- 
ant of HIV-1 fused at the N-terminus of the hepati- 
tis B surface antigen as described in EP-A- 
01 75261 are used to measure CTL responses in 

40 BALB/c mice. Mice receive a single sterile in- 
tramuscular dose in the range of 5-100ug in the 
absence of adjuvant. Splenocytes are removed 
after 20 days and expanded by clonal proliferation 
in vitro for 7 to 12 days with a 40mer or smaller 

45 IIIB V3 peptide corresponding to the sequence of 
the IIIB V3 loop. The effector cells induced in this 
way are incubated with control p815 cells or p815 
cells labelled with the 40mer IIIB V3 peptide, re- 
sulting in the lysis of those target cells where the 

50 MHC class I antigen bears peptides corresponding 
to the CTL epitope. 
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EXAMPLE 11 

Induction of CTL responses by hybrid Hepatitis B 
core:V3 antigen particles 

Hybrid particles which contain a particle-for- 
ming sequence from the hepatitis B core antigen 
and a second sequence containing a CTL epitope 
from the V3 loop sequence of the IIIB variant of 
HIV-1 are used to measure CTL responses in 
BALB/c mice. Mice receive a single sterile in- 
tramuscular dose in the range of 5-100ug In the 
absence of adjuvant. Splenocytes are removed 
after 20 days and expanded by clonal proliferation 
in vitro for 7 to 12 days with a 40mer or smaller 
IIIB V3 peptide corresponding to the sequence of 
the IIIB V3 loop. The effector cells induced in this 
way are incubated with control p815 cells or p815 
cells labelled with the 40mer IIIB V3 peptide, re- 
sulting in the lysis of those target cells where the 
MHC class I antigen bears peptides corresponding 
to the CTL epitope. 

EXAMPLE 12 

Induction of CTL responses by single-shelled par- 
ticulate bluetongue virus 

The VP3 and VP7 core proteins of bluetongue 
virus (BTV) are together capable of forming empty 
BTV core-like particles (French. T.J. and Roy, P.. 
(1990), J. Virol. 64 1530-1536). CTL responses are 
measured following immunisation of mice with such 
bluetongue virus particles. Mice receive a single 
sterile intramuscular dose in the range of 5-100ug 
in the absence of adjuvant. Splenocytes are re- 
moved after 20 days and expanded by clonal pro- 
liferation in vitro for 7 to 12 days with VP3A/P7 
particles. The effector cells Induced in this way are 
Incubated with cells of a cognate haplotype which 
are control cells or cells labelled with VP3A/P7 
particles, resulting in the lysis of those target cells 
where the MHC class I antigen bears peptides 
corresponding to the CTL epitope. 

EXAMPLE 13 

Induction of CTL responses by double-shelled par- 
ticulate bluetongue virus 

The VP3 and VP7 core proteins of bluetongue 
virus are capable of forming non-infectious, double 
shelled proteinaceous particles when expressed 
with the BTV outer capsid proteins VP2 and VP5 
(French. TJ., Marshall, J.J.A. and Roy. P.. (1990), 
J. ViroL, 64 5695-5700). CTL responses are mea- 
sured following Immunisation of mice with such 
double-shelled bluetongue virus particles. Mice re- 



ceive a single sterile intramuscular dose in the 
range of 5-100ug in the absence of adjuvant. 
Splenocytes are removed after 20 days and ex- 
panded by clonal proliferation in vitro for 7 to 12 

5 days with double-shelled bluetongue virus particles. 
The effector cells induced in this way are incu- 
bated with cells of a cognate haplotype which are 
control cells or cells labelled with double-shelled 
bluetongue virus particles, resulting in the tysis of 

JO those target cells where the MHC class I antigen 
bears peptides corresponding to the CTL epitope. 

EXAMPLE 14 

75 Induction of CTL responses by hybrid single- 
shelled particulate bluetongue virus 

The VP3 and VP7 proteins of bluetongue virus 
are capable of assembly Into hybrid particles which 

20 contain a heterologous biologically active sequence 
fused at the N-terminus of VP7. Such sequences 
may contain a CTL epitope. Hybrid particles com- 
prising the VP3 and VP7 core proteins of blueton- 
gue virus and the V3 loop sequence of the IIIB 

25 variant of HIV-1 are used to measure CTL re- 
sponses In BALB/c mice. Mice receive a single 
sterile intramuscular dose in the range of 5-100ug 
in the absence of adjuvant. Splenocytes are re- 
moved after 20 days and expanded by clonal pro- 

30 liferation in vitro for 7 to 12 days with a 40mer or 
smaller IIIB V3 peptide corresponding to the se- 
quence of the IIIB V3 loop. The effector cells 
induced in this way are incubated with control p81 5 
cells or p815 cells labelled with the 40mer IIIB V3 

35 peptide, resulting in the lysis of those target cells 
where the MHC class I antigen bears peptides 
corresponding to the CTL epitope. 

EXAMPLE 15 

40 

Induction of CTL responses by hybrid double- 
shelled particulate bluetongue virus 

The VP3. VP7. VP2 and VP5 proteins of 
45 bluetongue virus are capable of assembly into hy- 
brid particles which contain a heterologous, biologi- 
cally active sequence fused at the N-terminus of 
VP7. Such heterologous sequences may contain a 
CTL epitope. Hybrid particles comprising the VP3. 
50 VP7, VP2 and VP5 proteins of bluetongue virus 
and the V3 loop sequence of the IIIB variant of 
HIV-1 are used to measure CTL responses in 
BALB/c mice. Mic receive a single sterile In- 
tramuscular dos int h range of 5-100ug in the 
55 absence of adjuvant. Splenocytes are removed 
after 20 days and expanded by clonal proliferation 
in vitro for 7 to 12 days with a 40m r or smaller 
IIIB V3 peptid corresponding to the s quence of 
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the IIIB V3 loop. The effector cells labelled with th 
40mer IIIB V3 peptide, resulting in the lysis of 
those target cells where the MHC class I antigen 
bears peptides corresponding to the CTL epitope. 

EXAMPLE 16 

Induction of CTL responses by Human 
PapHlomavirus-16 L2 VLPs 



Human papillomavirus-L2 (minor capsid) pro- 
tein (HPV-L2) is thought to contain a number of 
CTL epitopes. Hybrid particles of HPV-L2 fused to 
Ty (HPV- L2:Ty VLPs) were prepared by construct- 
ing a vector, pOGS 348, as follows. A fusion gene 
containing the Ty gene and the human 
papillomavirus-L2 gene was made by inserting a 
300 base pair sequence corresponding to base 
nos. 4568-4865 of the L2 gene into the BamH\ 
cloning site of pOGS 40. The resulting plasmids 
were transformed into yeast strains as described in 
WO-A-8803562. The HPV-L2:Ty VLPs were ex- 
pressed at high levels, purified by sucrose density 
gradient and size exclusion chromatography and 
analysed by SDS/PAGE. Hybrid particles were 
sterilised and 20ug used to immunise mice by a 
single intramuscular dose in the absence of ad- 
juvant. Three strains of mice were used for im- 
munisation; Balb/c (H2**). C3H/Hej(H2'*) and 
C57BLy6 (H2^). Splenocytes are removed after 20 
days and expanded by clonal proliferation in vitro 
for 7 to 12 days with hybrid HPV-L2:Ty VLPs. The 
effector cells Induced in this way are incubated 
with target cells of a cognate haplotype which are 
either control celts or cells labelled with HPV-L2:Ty 
VLPs, resulting in the lysis of those target cells 
where the MHC class I antigen bears peptides 
corresponding to the CTL epitope. Cells of a cog- 
nate haplotype for Balb/c mice are p815 cells; 
those for C3H mice are LBRM-33-1AS cells; and 
those for C57 mice are EL4 cells. 

EXAMPLE 17 

Induction of CTL responses by V3:Ty VLPs in 
macaques 



IIIB and MN V3:Ty VLPs were prepared as 
described above. Macaques were immunised with 
at least one sterile intramuscular dose of 200ug in 
the absence of adjuvant. CTL activity was assessed 
after Immunisation by expanding peripheral blood 
lymphocytes (PBL) in vitro for 7 to 12 days with 
40mer or smaller V3 peptides to create effector 
cells. PBLs wer also stimulated with PHA or ConA 
and labelled with 40mer or smaller V3 peptides to 
provide target c lis. Incubation of target and effec- 
tor cells results in the lysis of those targ t cells 



where the MHC class I antigen bears peptides 
corresponding to the CTL pitope. 

EXAMPLE 18 

5 

Induction of CTL responses by V3:gag VDPs in 
macaques 



IIIB and MN V3:gag VLPs were prepared as 
70 described above. Macaques were immunised with 
at least one sterile intramuscular dose of 200ug in 
the absence of adjuvant. CTL activity was assessed 
after immunisation by expanding peripheral blood 
lymphocytes (PBL) in vitro for 7 to 12 days either 
75 with 40mer or smaller V3 peptides or with 
gagVDPs to create effector cells. PHBLs were also 
stimulated with PHA or ConA and labelled with 
gag-VDPs, overlapping gag peptides or 40mer or 
small V3 peptides to provide target cells. Incuba- 
20 tion of target and effector cells results in the lysis 
of those target cells where the MHC class I antigen 
bears peptides corresponding to the CTL epitope. 

EXAMPLE 19 

25 

Induction of CTL responses by p24-VLPs in 
macaques 



The HIV p24 protein has been shown to con- 
30 tain an epitope for CTLs (Nixon, D.F, et ai. Nature. 
(1988) 336 484-487). Hybrid p24-Ty VLPs were 
prepared as disclosed in WO-A-08803562. Macaq- 
ues were immunised with a single, sterile in- 
tramuscular dose of 200ug in the absence of ad- 
35 juvant. CTL activity was assessed 14 days after 
immunisation by expanding peripheral blood lym- 
phocytes (PBL) in vitro with p24-VLPs or with 
overlapping gag peptides to create effector cells. 
PBLs were also stimulated with PHA or ConA and 
40 labelled with gag-VDPs or overlapping gag pep- 
tides to provide autologous target cells. Incubation 
of target and effector cells results in the lysis of 
those target cells where he MHC class I antigen 
bears peptides corresponding to the CTL epitope. 

45 

EXAMPLE 20 

Induction of CTL responses by hybrid V3:Ty VLPs 

50 Three potentially important CTL-epitopes of 

HIV are T1, T2 and Th4.1. The peptide sequences 
corresponding to these epitopes are: 
T1 : IKQIINMWQEVGKAMYAP 
T2: MHEDIISLWDQSLKPCVK 
55 Th4.1: EGTDRVIEWQGACRAIR 

Hybrid particles of these epitopes wer fused in 
tandem to Ty (T1T2Th4.1:Ty VLPs) wer prepared 
by constructing a vector, pOGS 346. A fusion gene 
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was made by inserting DNA sequences corre- 
sponding to these three epitopes in tandem into 
th Sa/nHl cloning site of pOGS 40. The resulting 
plasmids were transformed into yeast strains as 
described In WO-A-8803562. The T1T2Th4.1:Ty 
VLPs were expressed at high levels, purified by 
sucrose density gradient and size exclusion 
chromatography and analysed by SDS/PAGE. Hy- 
brid particles were sterilised and 20ug used to 
immunise mice by a single intramuscular dose in 
the absence of adjuvant. Three strains of mice 
were used for immunisation; Balb/c (H2*^), C3H/Hej- 
(H2*^) and C57/BL-6 (H2^). Splenocytes are re- 
moved after 20 days and expanded by clonal pro- 
liferation in vitro for 7 to 12 days with synthetic 
peptides corresponding T1. T2 and Th4.1. The 
effector cells induced in this way are incubated 
with target cells of a cognate haplotype which are 
either control cells or cells labelled with the T1 . T2 
and Th4.1 peptides, resulting in the lysis of those 
target cells where the MHC class I antigen bears 
peptides corresponding to the CTL epitope. Cells 
whose haplotypes are cognate with the strains of 
mice used are given in Example 16. 

EXAMPLE 21 

Influenza nucleoprotein constructions 



Influenza (strain A PR/8/34) nucleoprotein pep- 
tide (residues 147-158) TYQRTRALVTG contains a 
CTL epitope recognised by BALB/c (H-2** 
haplotype) mice. The R residue has been omitted 
from the peptide sequence at position 156 as it has 
been shown that CTL activity is approximately one 
thousand-fold higher with this residue deleted. 
Oligonucleotides encoding the nucleoprotein (NP) 
peptide were cloned as a Bgl\\-BamH\ fragment at 
the 3' end of yeast TYA gene in pOGS 40 yeast 
expression vector. Sequence verification of these 
plasmid constructions revealed a single (pOGS 
353) and double (pOGS 354) insertion of fragment 
encoding NP peptide. Both pOGS 353 and 354 
were transformed into yeast strain MC2 to generate 
a Ty:NP fusion. Spin prep analysis of OGS 353 and 
354 revealed a good yield of particles. Hybrid Ty- 
VLPs have been used at various doses to im- 
munise BALB/c mice to assess peptide-specific 
CTL activity. The NP peptide described above was 
used to sensitise p815 target cells and to re- 
stimulate splenocytes in vitro. The induction of 
influenza-specific CTL was assessed using the pre- 
viously described assay for detecting V3-specific 
CTL. 



EXAMPLE 22 

Induction of CTL responses by hybrid Hepatitis B 
core:HRV antigen particles 

5 

Hybrid particles which contain a particle for- 
ming sequence from the hepatitis B core antigen 
and a second sequence containing an epitope from 
human rhinovirus (HRV) can be made according to 

10 the procedure of Brown et al, Vaccine (1991) 9 
595-601. The neutralisation site from the VP2 pro- 
tein of HRV-2 is presented within the im- 
munodominant region of the Hep B core particles 
and the hybrid proteins are used to measure CTL 

75 responses in mice. Mice receive a single sterile 
intramuscular dose In the range of 5-100ug In the 
absence of adjuvant. Splenocytes are removed 
after 20 days and expanded by clonal proliferation 
in vitro for 7 to 12 days with peptides correspond- 

20 ing to the HRV epitope. The effector cells induced 
in this way are incubated with target cells of the 
cognate haplotype. either control cells or cells 
labelled with the peptides corresponding to the 
HRV epitope, resulting in the lysis of those target 

25 cells where the MHC class I antigen bears peptides 
corresponding to the CTL epitope. 

EXAMPLE 23 

30 Induction of CTL responses by hybrid Hepatitis B 
core:FMDV antigen particles 

Hybrid particles which contain a particle for- 
ming sequence from the hepatitis B core antigen 

35 and a second sequence containing an epitope from 
Foot and Mouth Disease Virus (FMDV) can be 
made according to the procedure of Beesley et al. 
Bio/ Technology (1990) 8 64-648. The major Im- 
munogenic epitope of FMDV Is fused N-terminally 

40 to the Hep B core particles and the hybrid proteins 
are used to measure CTL responses in mice. Mice 
receive a single sterile intramuscular dose in the 
range of 5-100ug in the absence of adjuvant. 
Splenocytes are removed after 20 days and ex- 

45 panded by clonal proliferation in vitro for 7 to 12 
days with peptides corresponding to the FMDV 
epitope. The effector cells induced in this way are 
incubated with target cells of the cognate 
haplotype, either control cells or celts labelled with 

50 the peptides corresponding to the FMDV epitope, 
resulting in the lysis of those target cells where the 
MHC class I antigen bears peptides corresponding 
to the CTL epitope. 

55 Claims 

1. A sterile, adjuvant-free pharmaceutical formula- 
tion comprising a protelnaceous particulate 
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antigen. 

2. A formulation as claimed in claim 1. wh rein 
the particulate antigen comprises a plurality of 
self-assembling protein molecules. 

3. A formulation as claimed in claim 2, wherein 
the particulate antigen comprises a homolo- 
gous population of protein molecules. 

4. A formulation as claimed in claim 2 or 3, 
wherein the self-assembling protein molecules 
each comprise a first amino acid sequence 
which has the property of self-assembly fused 
to a second amino acid sequence which has 
an epitope capable of inducing a cytotoxic T- 
lymphocyte (CTL) response in a suitable host 
("a CTL epitope") and which has the desired 
antigenic specificity or one of the desired an- 
tigenic specificities. 



6. A formulation as claimed in claim 4 or 5, 
wherein the self-assembling sequence is de- 
rived from the yeast retroelement Ty. 



8. A formulation as claimed in claim 7, wherein 
the retrovirus is HIV-2. HTLV-I. HTLV-II, HTLV- 
III. SIV, BIV. ELAV, CIAV. murine leukaemia 
virus, Moloney murine leukaemia virus or feline 
leukaemia virus or, preferably, HIV-1. 

9. A formulation as claimed in any one of claims 
4 to 8, wherein the antigenic sequence is de- 
rived from a virus protein, the virus optionally 
being a retrovirus (particularly HIV-1), an or- 
thomyxovirus, a paramyxovirus, a papovavirus, 
an arenavirus, a hepadnavirus or a herpes 
virus. 



11. A formulation as claimed in any one of claims 
4 to 8. wherein the antigenic sequence is de- 
rived from a parasite, such as Plasmodium 
falciparum. 

5 

12. A formulation as claimed in any one of claims 
4 to 8, wherein the antigenic sequence is de- 
rived from a bacterium, such as Gonococcus, 
Bordetella pertussis. Listeria, Mycobacteria 

10 or Leishmania. 

13. A formulation as claimed in any one of claims 
4 to 12. wherein the second amino acid se- 
quence is derived at least in part from: 

75 1) HIV (particularly HIV-1) gp120. 

2) HIV (particulariy HIV-1) p24. 

3) Influenza virus nucleoprotein, 

4) LCMV nucleoprotein. 

5) HPV LI or L2 proteins, 

20 6) p97 melanoma associated antigen, 

7) GA 733-2 epithelial tumour-associated 
antigen, 

8) MUC-1 repeat sequence from epithelial 
tumour-associated antigen, 

9) mycobacterium +6 or 

10) malaria CSP or RESA antigen. 

14. The use of a proteinaceous particulate antigen 
in the preparation of an adjuvant-free phar- 

30 maceutical formulation, for inducing a cytotoxic 

T cell response. 

15. An immunotherapeutic or prophylactic vaccina- 
tion kit comprising a first, non-adjuvanted, prot- 
einaceous particulate antigen formulation and a 
second, adjuvanted. proteinaceous particulate 
antigen formulation. 

16. A product comprising a first and second for- 
40 mulations, as defined in claim 15, for com- 
bined, simultaneous or sequential administra- 
tion in the treatment or prophylaxis of disease 
amenable to immunotherapy or prophylaxis, 
particularly microbial infection or cancer. 

45 

Claims for the following Contracting States : 
ES. GR 

1. A process for preparing a pharmaceutical tor- 
so mulation, the process comprising sterilising un- 
adjuvanted proteinaceous particulate antigen. 

A process as claimed in claim 1 , wherein the 
particulate antigen comprises a plurality of 
self-assembling protein molecules. 



10. A formulation as claimed in any one of claims 2. 
4 to 8, wherein the antigenic sequ nee is de- 
rived from a prot in associated with a tumour. 55 
such as a melanoma-associated antigen or an 
epithelial-tumour associated antigen. 3. 



5. A formulation as claimed in claim 4, wherein 
the second amino acid sequence also com- 
prises a sequence whose function is to stimu- 
late the production of CD4 T-cells ("a CD4 T- 25 
cell epitope") 



7. A formulation as claimed in claim 4, 5 or 6. 
wherein the self-assembling sequence is de- 
rived from a virus, preferably from: the gag 
protein of a retrovirus; hepatitis B virus, surface 35 
or core antigen; or bluetongue virus, inner or 
outer capsid. 



A process as claimed in claim 2, wherein the 
particulate antigen comprises a homologous 
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population of protein molecules. 

4. A process as claimed in claim 2 or 3, wherein 
the self-assembling protein molecules each 
comprise a first amino acid sequence which s 
has the property of self-assembly fused to a 
second amino acid sequence which has an 
epitope capable of inducing a cytotoxic T-lym- 
phocyte (CTL) response in a suitable host ("a 
CTL epitope") and which has the desired an- io 
tigenic specificity or one of the desired an- 
tigenic specificities. 

5. A process as claimed in claim 4, wherein the 
second amino acid sequence also comprises a is 
sequence whose function is to stimulate the 
production of CD4 T-cells ("a CD4 T-cell epi- 
tope") 

6. A process as claimed in claim 4 or 5, wherein 20 
the self-assembling sequence is derived from 

the yeast retroelement Ty. 

7. A process as claimed in claim 4, 5 or 6, 
wherein the self-assembling sequence is de- 25 
rived from a virus, preferably from: the gag 
protein of a retrovirus; hepatitis B virus, surface 

or core antigen; or bluetongue virus, inner or 
outer capsid. 

30 

8. A process as claimed in claim 7, wherein the 
retrovirus is HIV-2, HTLV-I. HTLV-II. HTLV-III. 
SIV, BIV, ELAV, CIAV, murine leukaemia virus, 
Moloney murine leukaemia virus, feline 
leukaemia virus or, preferably, HIV-1. 35 

9. A process as claimed in any one of claims 4 to 
8, wherein the antigenic sequence is derived 
from a virus protein, the virus optionally being 

a retrovirus (particularly HIV-1), an orthomyx- 40 
ovirus, a paramyxovirus, a papovavirus, an ar- 
enavirus, a hepadnavirus or a herpes virus. 

10. A process as claimed in any one of claims 4 to 

8, wherein the antigenic sequence is derived 45 
from a protein associated with a tumour, such 
as a melanoma-associated antigen or an 
epithelial-tumour associated antigen. 

11. A process as claimed in any one of claims 4 to so 
8, wherein the antigenic sequence is derived 
from a parasite, such as Plasmodium fal- 
ciparum. 

12. A process as claimed In any one of claims 4 to 55 
8, wherein the antigenic sequence is derived 
from a bacterium, such as Gonococcus, Bor~ 
aeteila pertussis. Listeria, Mycobacteria or 



Leishmania. 

13. A process as claimed in any one of claims 4 to 
12, wherein the second amino acid sequence 
is derived at least in part from: 

1) HIV (particularly HIV-1) gp12a 

2) HIV (particularly HIV-1) p24. 

3) Influenza virus nucleoprotein, 

4) LCMV nucleoprotein, 

5) HPV LI or L2 proteins, 

6) p97 melanoma associated antigen, 

7) GA 733-2 epithelial tumour-associated 
antigen. 

8) MUG-1 repeat sequence from epithelial 
tumour-associated antigen, 

9) mycobacterium + 6 or 

10) malaria CSP or RESA antigen. 

14. The use of a proteinaceous particulate antigen 
in the preparation of an adjuvant-free phar- 
maceutical formulation, for inducing a cytotoxic 
T cell response. 

15. An immunotherapeutic or prophylactic vaccina- 
tion kit comprising a first, non-adjuvanted, prot- 
einaceous particulate antigen formulation and a 
second, adjuvanted, proteinaceous particulate 
antigen formulation. 

16. A product comprising a first and second for- 
mulations, as defined in claim 15, for com- 
bined, simultaneous or sequential administra- 
tion in the treatment or prophylaxis of disease 
amenable to Immunotherapy or prophylaxis, 
particularly microbial infection or cancer. 
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FIG, 1C 
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